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Light-transmitting substrate provided with a light-absorbing coating 


The present invention relates to a light-transmitting substrate that is at least 
partly provided with a light-absorbing coating, said coating comprising silver and/or gold 
particles that are incorporated in a sol-gel matrix. The invention further relates to an electric 

lamp comprising a light-transmitting lamp vessel that accommodates a light source, wherein 

5 said lamp vessel comprises the above tight-transmitting substrate. Furthermore thepreient 
invention relates to the light absorbing coating itself. 

Light-transmitting substrates provided -with a EpFabsozbmg coating can be 
used as a color layer on or in front of (incandescent) lamps fbr general lighting purposes. The 
substrate may comprise, for example, a colored filter made of a - flat or non-flat shaped - 
10 piece of glass, winch is designated to be placed on trajectory of light; said light being 

generated by a lamp. Such application is often used in outdoor lighting. Another example of a 
light-transmitting substrate is a lamp vessel that is placed over a light source of an electric 
lamp. Such electric lamps are predominantly used as indicator lamps in vehicles, fbr example 
as red-colored light source in red tail and brake lights of automobiles. Said electric lamps can 
IS also be used in traffic lights. 

The main advantage of using specifically metal particles such as silver or gold, 
over ordinary - organic or inorganic -pigments is the absence of mennochromic behavior, hi 
addition diffuse scattering is very small due to the extremely small size of the particles. 

The color appearance of a coating material containing metal nanoparticles, 
20 such as gold and silver, can be tuned'as the optical absorption of metal particles is shifted 
towards longer wavelengths when they are embedded in dielectrics with higher refractive 
indices. For example, for gold particles the absorption peak shifts from 520 nm (green) to 
620 nm (red) when incorporated in a SiOj-matrix or a TiOz matrix, respectively. Choosing 
the proper metal and matrix material can obtain a specific color, 
25 A coating comprising silver or gold incorporated in a soLgel matrix is known, 

for example, ftomUS-A-S,731,0S»l. 

However, an important disadvantage of said coatings is that the gold and silver 
particles embedded in a suitable matrix material are strongly absorbing in the yellow-green 
part ofthe spectrum in particular. This results in coatings that are transmitting in the blue and 
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red part of the spectrum- In order to reduce the blue transmission sufficiently and to obtain 
red transmitting coatings, large amounts of gold and silver particles are needed. It tvOl be 
clear that this is a cost disadvantage. In addition, by decreasing the blue transmission of Hie 
craatingralsotbe^-abso^ 

5 lamp. In case of coatings comprising silver, the main drawback is the small transmittance of a 
red coating, which is less than about 11%, 

The present invention alms to provide for a H^t-transmitting substrate 
according to the preamble, in which the above mentioned disadvantages are obviated. 
Moreover, the present invention aims to provide for a coating that does not show the above 
10 mentioned disadvantages. 

To this end, the present invention provides for a light-transmitting substrate 
according to the preamble that is characterized in that a blue absorbing compound isadded to 
the coating. 

By adding a blue absorbing compound to the coating, such that the light in the 
15 bine part of the spectrum is absorbed, a red transmitting coating is obtained without the need 
for very high amounts of gold or silver particles. On the contrary, the amounts of gold and 
silver can be reduced considerably. For example, in the case of gold, the amount can be 
reduced by a factor of 5. In the case of silver, an additional advantage is that a matrix with a 
higher refractive index can be used, for example about 2.3, causing the transmittance to rise 
20 to 20%. 

Such blue absorbing compound absorbs the light in the blue part of the 
spectrum. Thus, hi case of a light-absorbing coating comprising silver and/or gold particles, 
that is strongly absorbing in the yellow-green part of the spectrum, the addition of a blue 
absorbing compound results in absorption in both the yellow-green and the bluo part of the 

25 spectrum. Hereby the red part of the spectrum remains light transmitting, without die need for 
very high flTrtpynte of silver or gold particles. 

The blue absorbing compound may either be an organic or an inorganic 
compound In general each yellow absorbing pigment can be used as long as the absorption at 
wavelengths above 590 nm is very low or negligible. The temperature to which the substrate 

30 — for example the glass vessel — is subjected also determines the choice between organic or 
inorganic compound In case of high tempe ra tures inorganic compounds are preferred, while 
in case of lower temperatures organic compounds can be advantageous. 
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The bine absorbing compound can be added to the light-absorbing coating 
layer. However, in a particular embodiment, the blue absorbing compound is present in an 
additional layer. 

Such additional layer is preferably adjacent to the light-absorbing coating 
5 layer. The additional layer may be applied on top of ifae coating or between the coating and 
the substrate. 

However, in another preferred embodiment of the present invention, the blue 
absorbing compound is present in the substrate. For example, the blue absorbing compound 


10 


Preferred examples for the inorganic compounds comprise FeaQa, compounds 
with the general formula Zsn^G^Qg, such as 2n Fe20 4 or V 2 0 5 . However, other 


inorganic compounds may also provide for good results. For example, Ag may be added to 
an Au/MTMS coating in order to provide for absorption in blue. 

The above-mentioned blue absorbing compounds or pigments are very well 

15 . known. For example, FeaOa is as such also used as the main pigment in a light-absorbing 
coating for a lamp vessel of an electric lamp. Iron oxide (FezOs) is an orange pigment and P- 
doped FejQa is an orange-red pigment To this end reference is made to WO 01/20641 in the 
name of the Applicant An important difference between WO 01/20641 and the present 
invention is that in WO 01/20641 the inorganic pigment is used as the main pigment for 

20 absorbing part of the visible light, while in the present invention, gold and silver are the main 
light absorbing constituents. In the present invention, the inorganic pigment is specifically 
added to absorb the Kgbt in the blue region thereby allowing for lesser amounts of gold and 
silver. 

The present invention also relates to an electric lamp comprising a light- 
25 transmitting lamp vessel which, acco mmo dates a light source, said lamp vessel comprising a 
tight-transmitting substrate according to the above. 

As mentioned in the above, said electric lamps can advantageously be used as 
indicator lamps in vehicles, for example as red-colored light source in red tail and brake 
tights of automobiles. 

30 Moreover, the present invention relates to a tight absorbing coating according 

to the above. 


10 
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These and other aspects of the invention will be apparent from and elucidated 
with reference to the embodiments described hereinafter. 
In the drawings: 

Pig. 1 shows, in a part of a C J.B. chromaticity diagram, the color co-ordinates 
5 of a li#rt transmitting substrate provided with a light absorbing coating containing gold 
particles; 

Fig. 2 shows, in a part of a CLE. chromaticity diagram* the color co-ordinates 
of a light transmitting substrate provided with a light absorbing coating containing silver 
particles. .. - — 


The present invention will be elucidated by means of the following 
mannfecturing examples of preparing a coatmg and applying said coating to a substrate. 


15 Example 1 - Gold inMTMS/TEOS 

A sol-gel hydrolysis mixture is made by mixing 4.3 g ethanoi, 40.0 g 
methyttrimethoxy silane (M1MS), 0.S6 g tetraethoxy silane (TEOS) and 0.14 g 0.1 M Acetic 
acid in 32.0 g water and subjecting said mixture to hydrolysis during 48 hours. 

A FeaOs dispersion is made by mixing 3 g F^O^ 3 g Dysperbyk-190, 7 g 
20 water and 10 g ethanol. This dispersion is added to the sol-gel hydrolysis mixture and 

methoxypropanol in a 1:2:0.2 ratio. Spin coating of the resulting solution on a glass plate or 
spraying onto a rotating glass envelop results in a 2 pm thick coating containing about 20 
voL-%Fe^0 3 . 

Subsequently, 1 g of a Au particle dispersion comprising 25 wt% gold 
25 particles, 7 wt% polymer and 68 wt% is mixed with a sol-gel hydrolysis mixture similar to 
the one described above in a 1 -to-2 ratio. The polymer that is used to stabilize the metal 
particles is a polystyrene-polycarbonate blockeopolymer. 

The coating liquid is subsequently spin coated onto the outer surface of a glass 
substrate covered with the Fe^Os containing coating. The coatmg is cured for 30 minutes at a 
30 temperature of 350°C resulting in a red coating. The layer thickness is about 2.8 urn. 

A similar result can be obtained when the Au-dispersion is directly added to 
the mixture containing the sol-gel hydrolysis mixture and the Fe2<>3 containing dispersion. 
The layer is then applied in a single step. 


10 
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Example 2- Silver in TEOTi 

First a 2 um thick silica layer containing about 20 vol.% Fe203 is applied as 

in example 1. 

A sol-gel hydrolysis mixture is made by mixing 20 g ethanol, 3.3 g tetraethoxy 
titane (TEOTi), and 2.35 g 0.1 M Ha and subjecting said mixture to hydrolysis during 48 
hours. 

Subsequently, a 1 g of a Ag particle dispersion comprising 17 wt% silver 
particles, 13 wt% polymer and 70 wt% ethane!, is added to 2 g of ethanol and 2.5 g of lOwt- 
% N-aminopropyltrimethoxysilane in ethanol. This solution is mixed w ith. Hie TEOTi 
solution in a ratio of l-to-2.. The polymer that is used to stabilize the metal particles is a 
polystyrene-polycarbonate blockcopolyraer. 


The coating liquid is prepared by mixing the silver solution and the sol-gel 
hydrolysis mixture. The coating liquid is subsequently spin coated onto a glass substrate 
covered -with a Fe20 3 containing coating and cured at a temperature of 350°C in air. The 
15 layer thickness of the coating is 200 nm. 

Fig. 1 shows, in a part of a CLE. chromaticity diagram, the color co-ordinates 
of a light transmitting substrate provided with a light absorbing coating comprising An 
particles as obtained from simulations. The red color is specified by x=0.665 and y=0.335. 

In the left side of figure 1 the color point is shown of a 2 urn thick coatings of 
20 gold particles incorporated in a matrix. The refractive index -varies from 1.46 up to 1.90 and 
the An content varies from 0.5 up to 3 vol.%. Only at the 3 vol.% Au content the transmitted 
color mils within the red specification. The highest transmission is then obtained with a 
refractive index of about 1.5. The layers containing a smaller amount of Au fail to produce a 
red color because their transmission in the blue region is too large. 
25 In the right side of figure 1 is shown how the addition of Fe203 to the light 

absorbing coating improves the red color transmission. By using the coating according to the 
present invention - e.g. the coating according to example 1 : a Au/sol-gel coating to which 
about 20 voL% Fe203 is added - the blue transmission is efiectively blocked. In this way a 
layer with a refractive index of 1.90 containing only 0.5 vol.% Au comes within the red 
specification. When the index of the layer is small <n=l .5), the amount of An can be lowered 
to about 2 voL%. 

Fig. 2 shows, in apart of a CLE. Chromaticity diagram, the color co-ordinates 
of a light transmitting substrate provided with a light absorbing coating containing silver 
particles as obtained from simulations. 
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It fe clearly shown that the coating thai does not contain any FeaQj or any 
Fe&Qj layer adjacent to it, fails to produce a red color according to the specification. 

However, fee addition of a 2 um thick silica layer containing about 20 vol.% 

Fe203 to the Ag containing coating layer - e.g. according to example 2 - shifts the color 
5 point toward the ted regioa As shown in figure 2, the color point and tra nsmi ssion are not 
strongly dependent on the position of the FeaQa layer. 

It will be clear that, within the scope of the invention, many variations are 
possible to those skilled in the art. Many alternative preparation methods, both wet-chemical 
. . andJjy usatg-physical-deposition methods-are-possible. Furthermore, h is also possibli 
10 other hlue absorbing compound combinations to cause the desired color point shift. 

Xhe-scope-of protection of the invention is^^h^ted^o^e^examples-given 

herein. The invention is embodied in each novel characteristic and each combination of 
characteristics. 


use 
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CLAIMS: 


1 . A U^-teansmitting substrate which is at least partly provided with a light- 

absorbing coating, said coating comprising silver and/or gold particles that are incorporated 
in a sol-gel matrix, a blue absorbing compound being added to the coating. 

"5" 2, " A U^t-transmitting substrate *^bnliiii; to" o&El, ohkacterizedTin that the - 
blue absorbing compound is present in an additional layer. 


3. A light-transmitting substrate according to claim 1, characterized in that the 
blue absorbing compound is present in the substrate. 

10 

4. A Hgbt-ixansixiittiiig substrate according to claim 1, characterized in that the 
blue-absorbing compound comprises an inorganic compound. 

5. A Ughfc-trao smittmg substrate according to claim 4, characterized in that the 
15 inorganic compound comprises Fe&Q*, compounds with the general formula Znci-xiFe^+^O^ 

such as Zn FeaO^ or V2O5. 

6. An electric lamp comprising a Ught-tranfimitting lamp vessel that 
accommodates a light source, said lamp vessel comprising a li^t-transnxitting substrate 

20 according to one or more of claims 1-5. 


7. 


Light absorbing coating according to one or more of claims 1-5. 
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ABSTRACT: 


Disclosed is a h^t-transmitting substrate that is at least partly provided with a 
light-absorbing coating. Said coating comprises silver or gold particles that are incorporated 
in a sol-gel matrix. In order to improve the torn omittance in red and to reduce the amount of 
silver and gold particles, a blue absorbing compound is added to the coating, 

* S — "Further aii "elecSiclamp is disclosg(l7said"lac^ compri^fig a; Eg^tirfiiismtepig lamp vessel 

that accommodates a light source. Said lamp vessel comprises the above Ught-transmitting 

substrate. Moreover, a U^t^sorbing-coaling-isrdisclosedr 

Pig. 1 
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